Background and Objectives. Tooth decay is an infectious disease of microbial origin. Considering the increasing prevalence of antibiotic resistance due to their overuse and also their side effects, medicinal plants are now considered for use against bacterial infections. This study aimed to assess the effects of different concentrations of Zingiber officinale extract on proliferation of Streptococcus mutans and Streptococcus sanguinis in vitro. Materials and Methods. In this experimental study, serial dilutions of the extract were prepared in two sets of 10 test tubes for each bacterium (total of 20). Standard amounts of bacterial suspension were added; 100 of each tube was cultured on prepared solid agar plates and incubated at 37 ∘ C for 24 hours. Serial dilutions of the extract were prepared in another 20 tubes and 100 of each tube was added to blood agar culture medium while being prepared. The mixture was transferred to the plates. The bacteria were inoculated on plates and incubated as described. Results. The minimum inhibitory concentration (MIC) was 0.02 mg/mL for S. mutans and 0.3 mg/mL for S. sanguinis. The minimum bactericidal concentration (MBC) was 0.04 mg for S. mutans and 0.6 mg for S. sanguinis. Conclusion. Zingiber officinale extract has significant antibacterial activity against S. mutans and S. sanguinis cariogenic microorganisms.
Introduction
Tooth decay is an infectious, progressive disease disrupting the normal molecular interactions between the tooth surface and microbial biofilm. If not treated early, tooth decay can result in tooth cavity and subsequent dentin loss and pulp injury [1, 2] . At this point, tooth decay and loss of mineral content (calcium and phosphorous) are irreversible and the lost tooth structure can only be restored with restorative dental materials [3] . Streptococcus mutans and Streptococcus sanguinis belong to the viridans streptococci group, which are the most commonly found members of the normal flora of the oral cavity. These bacteria synthesize large polysaccharides such as dextran and levan from sucrose and play an important role in development of dental caries. Moreover, following an injury or trauma to the mucosa, they may enter the blood stream and cause endocarditis of the heart valves [3, 4] .
Zingiber officinale plant, commonly known as ginger, has more than 1200 species in 53 genera. It has been used as a medication since ancient times. According to the Chinese Pharmacopoeia, the medicinal uses and indications of ginger include epigastric pain, vomiting, diarrhea, weak pulse, dyspnea, cough, and sputum production [5] . Also, ginger has well recognized antibacterial [6] [7] [8] [9] , antifungal/antimycotic [10, 11] , and anticancer [12] properties.
Considering the previous reports regarding the antimicrobial activities of ethnic medicinal plants in Iran [13] and the increasing prevalence of antibiotic resistance due to 2 International Journal of Dentistry their overuse as well as their side effects, researchers have become increasingly interested in medicinal plants to find new sources of antibacterial remedies [14] .
Arheumin drop is a formulation of ginger extract produced by Yas Darou Pharmaceuticals (Tehran, Iran) and in case of confirming its antibacterial efficacy can be used as a substitute for chemical antimicrobial agents. This study aimed to assess the antibacterial effect of Zingiber officinale extract on S. mutans and S. sanguinis. The null hypothesis was that Zingiber officinale extract would have no antibacterial effect on S. mutans and S. sanguinis. In this study, serial dilutions of Zingiber extract were prepared in four series of 10 tubes each (20 tubes for Streptococcus mutans and 20 tubes for Streptococcus sanguinis from 1/2 to 1/1024 for the two assessment methods). In each method of assessment, 20 tubes (10 tubes for the Streptococcus mutans and 10 tubes for Streptococcus sanguinis) were selected. In all four groups, one tube was considered as the control group. In the control groups in both methods, microorganisms were added to the culture medium with no extract and their growth or inhibition was evaluated.
Materials and Methods
Eleven test tubes containing 5 mL of saline solution (0.9%) were prepared; extracts at different concentrations were added to 10 test tubes while the 11th tube was considered as the control and inoculated with the microbial suspension with no extract.
The herb extract was passed through a 0.45 membrane filter for the purpose of sterilization; 5 cc of the extract was added to the first tube to achieve 1/2 dilution (0.6 mg/mL of pure extract). Next, 5 cc of the first tube was transferred to the second tube to achieve 1/4 dilution (0.3 g/mL of pure extract). Accordingly, 1/2 (0.6 g of pure extract), 1/4 (0.3 g of pure extract), 1/8 (0.15 g of pure extract), 1/16 (0.08 g of pure extract), 1/32 (0.04 g of pure extract), 1/64 (0.02 g of pure extract), 1/128 (0.01 g of pure extract), 1/256 (0.005 g of pure extract), 1/512 (0.002 of g pure extract), and 1/1024 (0.001 g of pure extract) dilutions (concentrations) of the extract were prepared as such.
We used two different culture methods to eliminate any possible errors.
Method One. Streptococcus mutans and S. sanguinis
were cultured in separate culture media and 0.5 McFarland standard of pure bacteria was added to each tube and mixed. Thus, 10 tubes contained S. mutans and 10 tubes contained S. sanguinis. Next, 100 Υ of the microbial suspension in each tube was cultured in solid blood agar culture medium previously prepared in separate plates. The cultured plates were incubated at 37 ∘ C for 24 hours (Memmert, Germany).
Method Two.
Serial dilutions of the extract were prepared again in another 20 test tubes and 100 Υ of the microbial suspension at each concentration was added to the blood agar culture medium (9.9 cc) while being prepared. Understudy bacteria were cultured in plates containing the solid culture medium and the diluted extract. The plates were incubated at 37 ∘ C for 24 hours (Memmert, Germany). Contents of the control tubes were also incubated at the same conditions without inoculation with the microbial suspension.
Determination of MIC.
The MIC is defined as the minimum concentration of the extract that completely inhibits visible bacterial growth compared to the negative control group. In our study, the MIC of the Zingiber officinale extract was the concentration of the extract in the first plate showing inhibitory effects of the extract on bacterial proliferation.
Determination of MBC.
The MBC is defined as the minimum concentration of the extract at which no bacterial growth is observed. In our study, concentration of the extract in the last plate showing no bacterial colony was considered as the MBC of Zingiber officinale extract [15] .
Results
After 24 hours, the plates were removed from the incubator and evaluated.
Method One (Simultaneous Culture of Bacterial Suspension and the Extract in Solid Blood Agar Medium)
. Streptococcus mutans showed no proliferation in plates 1-2 and bacterial colonies gradually appeared in plates 3-10 ( Figure 1) .
Streptococcus sanguinis showed no bacterial proliferation in plate 1 but bacterial colonies appeared in plates 2-10 ( Figure 2 ).
Method Two (Bacterial Culture in the Mixture of Solid Blood Agar Medium and the Diluted Extract). Streptococcus
mutans showed no proliferation in plates 1-2 and bacterial colonies gradually appeared in plates 3-10.
Streptococcus sanguinis showed no bacterial proliferation in plate 1 but bacterial colonies appeared in plates 2-10.
Control plates in both methods showed proliferation of bacterial colonies.
The MIC of the Zingiber officinale extract was 0.02 mg/mL for S. mutans and 0.3 mg/mL for S. sanguinis.
The MBC of Zingiber officinale extract was 0.04 mg/mL for S. mutans and 0.6 mg/mL for S. sanguinis.
Discussion
This experimental study sought to assess the antibacterial activity of Zingiber officinale extract against S. mutans and S. sanguinis in vitro. Two methods for bacterial culture were used to eliminate any possible errors. Both methods yielded similar results for both understudy bacteria. In the first method, diluted extracts and the bacterial inoculum were added to the solid blood agar medium and cultured and the obtained MIC and MBC values of the extract were 0.02 and 0.04 mg/mL for S. mutans and 0.3 and 0.6 mg/mL for S. sanguinis, respectively.
We hypothesized that the solvent used for the experiment can probably influence the final result. In this study, we used ethanol extract of Zingiber officinale in order to not corrupt the effective ingredients of the extract.
Kader et al. in 2011 [6] evaluated the antimicrobial effects of ethanolic extract of Zingiber zerumbet and its chloroform and petroleum ether soluble fractions against 13 pathogenic bacteria and three fungi using the disc diffusion method. Of the tested solvents of the extract, the ethanol extract had the highest activity against bacteria and fungi. The difference between their study and ours was in the type of understudy microorganisms and the methodology. The disc diffusion method has the advantage of ease of use and concomitant comparison with an antibiotic (kanamycin in their study). However, the advantages of our technique are the elimination of the possibility of procedural errors and uniform distribution of the extract, bacteria, and the culture medium. The reported antibacterial activity and the superiority of the ethanol extract of Zingiber officinale were in line with our findings.
The antibacterial effects of Zingiber officinale extract observed in our study were in accordance with the results of previous studies. O'Mahony et al., in 2005 [8] , evaluated the bactericidal and antiadhesive properties of 25 plants against Helicobacter pylori. Their applied method was somehow similar to ours; the only difference was that the amounts of extract, bacteria, and culture medium in their study were different from those in our study. Moreover, the effects were investigated after 60 minutes and no explanation was provided for selection of this specific time period in their study. Type of understudy bacterium (Helicobacter pylori) was also different from our understudy bacteria. However, they confirmed the antibacterial activity of Zingiber officinale, which is similar to our finding.
In 2012, Gull et al. [7] assessed the inhibitory effects of Allium sativum and Zingiber officinale extracts on eight drug resistant pathogenic bacteria using the disc diffusion method. The type of understudy bacteria (Escherichia coli, Pseudomonas aeruginosa, Bacillus subtilis, Staphylococcus aureus, Klebsiella pneumoniae, Shigella sonnei, Staphylococcus epidermidis, and Salmonella typhi in their study) and the methodology of their study were different from those in our investigation. They reported that all the tested bacterial strains in their study were susceptible to both ginger and garlic extracts, which confirms our results.
Karuppiah and Rajaram, in 2012 [16] , and Keskin and Toroglu, in 2011 [17] , evaluated the antibacterial activity of several plant extracts on some bacterial strains and reported the significant antibacterial effects of Zingiber officinale extracts, which is in accordance with our result.
Ewnetu et al., in 2014 [18] , assessed the antimicrobial effects of mixtures of Ethiopian honeys and ginger rhizome powder extracts separately and in combination on several pathogenic bacteria. Their results confirmed our findings regarding the favorable antibacterial activity of ginger. Also, they reported the superior efficacy of honey-ginger powder extract mixture due to its therapeutic effects and better taste.
Factors responsible for the high bacterial susceptibility of understudy bacteria to ginger extract have yet to be clearly understood; however, the antibacterial activity of this plant is mainly attributed to its secondary metabolites [19] . Previous studies on the rhizomes of Zingiber officinale have revealed that gingerols and shogaols are among the active components of ginger. The characteristic odor and flavor of ginger are caused by a mixture of zingerone, shogaols, and gingerols that are volatile oils which compose 1-3% of the weight of fresh ginger. In animal models, gingerols increased peristalsis and showed analgesic, tranquilizing, antipyretic, and antibacterial properties [20] .
The pungent taste of ginger is due to the presence of gingerol with the chemical formula C 17 H 26 O 4 . Ginger contains 3% of fragrant essential oils whose main constituents are sesquiterpenoids with zingiberene being their main component and smaller amounts of other sesquiterpenoids including -sesquiphellandrene, bisabolene, and farnesene and a small monoterpenoid fraction including -phellandrene, cineol, and citral [21] .
The spicy and pungent flavor of ginger is due to nonvolatile phenylpropanoid-derived components, especially gingerols and shogaols formed from gingerols when ginger is dried or cooked. By cooking ginger, gingerols are transformed to zingerone, a less pungent compound with a spicy-sweet aroma [22] . The antibacterial effects observed in our study may also be attributed to gingerols. Some studies have demonstrated that the solvent affects the degree of antibacterial activity of extracts and ethanol extract seems to have superior efficacy in this respect. Organic solvents better dissolve organic compounds. Thus, release of active compounds seems to be a necessary requirement for antibacterial activity [23] . In the current study, ethanol extract of ginger was used, which might have also affected the results.
Ginger has no side effects if consumed in rational amounts [24] and is generally recognized as safe by the 4 International Journal of Dentistry American Food and Drug Administration. However, it can produce drug interference if consumed with some drugs like warfarin. Its use is also contraindicated in patients with gallstones, because it increases the production of bile [25] .
Allergic reactions to ginger may appear as skin rash. Although ginger is recognized to be generally safe, its consumption in large amounts can cause stomach burning, bloating, and nausea, especially when consumed in the form of powder. Not well-chewed fresh ginger may cause intestinal obstruction. Moreover, patients with stomach ulcer, inflammatory intestinal disease, or intestinal obstruction may show allergic reactions to fresh ginger. Also, there are claims that ginger may influence blood pressure and arrhythmia [26] .
Considering the reported complications of ginger, in this study we found the exact concentration of Zingiber officinale extract that needs to be added to mouth rinses to exert its inhibitory and bactericidal effects on cariogenic bacteria in the oral cavity while preventing the unwanted side effects.
Future studies are required to assess the effect of different fractions of Zingiber officinale extract to find its effective component. Moreover, the effect of Zingiber officinale extract on other pathogenic bacteria must be investigated. An in vivo study is also required to find the maximum burning effect of ginger on oral mucosa. Last but not least, honey can be added to improve the taste.
Conclusion
Zingiber officinale extract has significant antibacterial effects on S. mutans and S. sanguinis; however, the latter requires higher concentration of the extract to reach MIC. Considering the obtained MIC and MBC values, Zingiber officinale extract can be incorporated into herbal mouth rinses and toothpastes for its antimicrobial effects.
